Background: This paper contributes to research on the education-health association by extending the scope of inquiry to adult inmates. Not only are inmates excluded from most nationally representative studies of health but they also represent a highly select group in terms of both education and health. As such, our study provides new information about the health of incarcerated populations and it extends the generalizability of the education-health association beyond the non-institutionalized population. Methods: We use a prison-level fixed-effects regression model with the 2004 Survey of Inmates in State Correctional Facilities (n = 287 facilities) to evaluate the effects of education on a standardized morbidity scale of 11 lifetime and current health conditions among incarcerated men (n = 10,493) and women (n = 2,797). Results: Education prior to incarceration is negatively associated with lifetime health problems for both women and men and the association is stronger among women. Among inmates who enter prison with less than a GED level of education, attaining a GED in prison is associated with better current health outcomes for men, but not women. Conclusions: The generalization of the education-health association among prisoners further highlights the fundamental nature of education as a health promotive resource. Discussed are the implications for the education-health literature in general and health promotion efforts among incarcerated adults specifically.
Background
This study examines whether level of education prior to imprisonment and participation in prison education programs are associated with better health for male and female inmates. We contribute to a large body of work linking educational attainment and adult health [1] [2] [3] in which individuals with higher levels of education report fewer chronic diseases, have better mental health, and enjoy longer lives than do adults with lower levels of education [4, 5] . The resource substitution theory hypothesizes that education will be more strongly associated with health among more disadvantaged populations, such as women relative to men, because education can serve as a "substitute" for the limited resources among these groups [6, 7] . However, because of the explicit focus on noninstitutionalized populations [8] , little is known about the health benefits of education among male and female prisoners.
The absence of this research is particularly important because the size of the prison population in the United States has increased more than sevenfold in the past 30 years and the U.S. now has the highest rate of imprisonment compared to all other countries [9] . Importantly, the female prison population has been increasing at substantially higher rates than the male prison population [10] , incarcerated women have worse health [11] and complex comorbid conditions [12] across multiple domains compared to men. In addition, women's prisons have lower programming availability [13] , often struggle to meet the healthcare needs of the prisoners [13, 14] , have higher exposure to sexual violence [15] , and women have specific healthcare needs that are not always provided for in prisons [16, 17] . As such, examining sex differences in the relationship between education and health among prisoners is important because it provides additional insights into the nature of the association.
Methods

Data come from the 2004 Survey of Inmates in State
Correctional Facilities (SISCF), which provides a nationally representative sample of U.S. adults incarcerated in state prisons [18] . The sample design employed a stratified, twostage selection process. The prison sample was selected from a universe of 1,585 state prisons. Overall, 301 prisons were randomly selected for inclusion in the study. A total of 287 prisons participated (95.3 % prison-level response rate). In the second stage, inmates were randomly selected for participation (n = 14,499; 89.1 % respsonse rate). The interviews were conducted using computer assisted personal interviewing and participation was voluntary. Due to missingness on key variables, the final sample size is 13,290 (10,493 men and 2,797 women).
Respondents were first asked about lifetime diagnoses and then a follow up question ascertained whether or not the respondents still have problems related to the condition (i.e., current morbidity). The 11 health conditions include hypertension or high blood pressure, diabetes, heart problems, asthma, kidney problems, stroke, all-cause cancer, arthritis, cirrhosis, sexually transmitted infections (STI), and hepatitis. Lifetime (α = 0.52) and current (α = 0.48) morbidity standardized scale scores are calculated to represent the presence of multiple health conditions. Education prior to entering the current prison term is measured with years of education (0 to 18 years). We further refine this measure by including a series of dummy variables assessing degree attainment by categorizing less than high school, GED, high school diploma, and at least some college. Current education examines whether an inmate participated in a high school education class or obtained a GED during their current prison sentence if they are eligible (i.e. enter prison with less than a GED level of education). All multivariate models control for age, race/ethnicity, employment prior to incarceration, and marital status. We also control for the number of years served to date during the current incarceration episode and whether this is their first incarceration episode.
Our analyses are conducted in two parts. First, linear regression models estimate the association between education prior to entering prison and lifetime morbidity stratifying by gender and controlling for demographic background. Importantly, our models use prison fixed effects to control for contextual and compositional differences across prisons that may confound associations. The second analysis examines educational attainment within prison and includes only those inmates who entered prison with less than a GED level of education. Similar linear models with prison fixed effects estimate the association between attaining a GED in prison and current morbidity. We then follow with additional descriptive analyses to examine who participates in prison high school classes in more detail. Finally, a supplementary analysis examines the association between education and one of the morbidities: hypertension. All descriptive and multivariate analyses use sampling weights to adjust for the complex sampling design of the study. Table 1 presents the descriptive and bivariate (by gender) analysis. Incarcerated women have a significantly higher mean morbidity count than do men. Half of women (52.8 %) report at least one health condition while only onethird of men do (36.9 %). The top 10 % of the unhealthiest women have three current health conditions compared to two for men. The raw frequencies and weighted odds ratios indicate that women have worse health compared to men. Incarcerated women report significantly higher rates for most conditions at the p < 0.001 level excluding hypertension -which is still significant at the p < .01 level -and stroke and cirrhosis -which are not statistically significant.
Results
Although the difference is small in magnitude, incarcerated women have a significantly higher mean years of education compared to men with men averaging 10.4 years of education and women averaging 10.7 years of education ( Table 1) . Patterns of degree attainment prior to entering prison also differ by gender. While similar proportions of men and women enter prison with less than a GED (41 %), men are significantly more likely to have earned a GED (26.1 %) than women (20.0 %). About 22 % of men and women obtained their high school diploma prior to their current prison stay. Women, though, have significantly higher rates of some college (11.8 %) and at least a four-year college degree (5.1 %) compared to men (7.8 % and 3.5 %, respectively).
Results from fixed effects (by prison) regression models examining education prior to incarceration and lifetime morbidity are presented in Table 2 . The findings indicate that increases in years of education are negatively associated with the standardized lifetime morbidity scale for both incarcerated women and men, but that the effect is greater for incarcerated women. 1 Considering that the comorbidity scale is standardized within each sex, it suggests that the effect of one year of additional education among women (b = −.017, p < .001) is more than four times the size of the comparable effect among men (b = −.004, p < .05). To further evaluate the magnitude of these effects, we standardized the education scores and the same four-fold comparison is evident (β women = −.04, se = .010) and men (β men = −.01, se = .004) but the effect sizes are clearly small. Degree attainment prior to incarceration is only significant for women. Interestingly, women with a GED (b = −.088, p < .001) have lower scores on the standardized lifetime morbidity scale compared to women entering prison with a high school diploma. Table 3 presents the results for male and female prisoners who enter prison with less than a high school degree. As with the other analyses, we include prison-level fixed effects and sampling weights. Completing the requirements for a GED is associated with a lower score on the current morbidity scale for men (b = −.033, p < .05) but not women. Table 4 examines who participates in high school education classes while in prison in more detail. Less than half (43.5 %) of men who entered prison with less than a GED (n = 4,334) participated in a high school education class while in prison. There are 60 men in five prisons where no one with less than a GED reported participating in high school classes. It is possible that these prisons do not offer these types of courses so they are dropped from this descriptive analysis. Men who participate in high school education classes have a younger overall age and are overrepresented in the age 18 to 29 category. There are 1,837 men between the ages of 18 and 39 who entered prison with less than GED education and almost half of them (49.4 %) participated in high school Forty-one percent of all women (n = 2,781) entered prison with less than a GED level of education. Among those women, 40.5 % participated in a high school education program with 16.9 % of participants obtaining a GED by the time of the interview. Similar to men, women who participate in high school education classes while in prison tend to be younger (33.6 vs. 35.0, p < .01). Of the 382 women who entered prison with less than a GED education between the ages of 18 and 29, 47.4 % participated in a high school education class. Thirty-seven percent of the 714 women aged 30 to 49 participated and 37.0 % of the women aged 50 or older participated. None of the demographic variables other than age are associated with participating in a high school education class; however, time spent incarcerated is positively associated (3.0 vs. 1.9, p < .001) which was also found in the multivariate analysis (not shown). The findings concerning the additional measures of the prison experience are similar to men. Violent offenders are more likely to participate in high school education classes (36.3 % vs. 23.5 %, p < .001); although being a drug offender is not significant. Female inmates who participate in high school Finally, the analyses thus far have assumed that each health condition is equal in its association with education, but this is likely not the case given different disease progressions and etiologies. Therefore, a supplementary analysis examines the relationship between education and hypertension more closely. Of all of the medical conditions included in this study, hypertension is most likely to be proximately influenced by education. Indeed it appears that education both prior to and during incarceration is negatively associated with hypertension for men. Controlling for age, race, marital status, years incarcerated and first incarceration episode with prison-level fixed effects, each year of education is associated with three percent lower odds (p < .05) of having lifetime hypertension for men. For those men entering prison with at least a GED, their odds of lifetime hypertension are decreased by eight percent (p < .10) controlling for all other factors.
We extend our analyses of current hypertension and prison education among only those men who enter prison without a GED or higher degree in order to reduce bias associated with time order. Using a fixed effects logistic regression model, we find that men entering prison with less than a GED level of education who participate in a high school education program while in prison have 19 % lower odds of reporting current problems with hypertension (p < .05) 2 compared to those who did not participate in high school education classes conditioned on availability. For those who earned their GED while in prison, their odds of reporting current problems with hypertension are even lower (OR = .71; p < .05). If we reduce this sample to men who are less than 30 years of age (the age group most likely to earn a GED in prison), attaining a GED is associated with 56 % lower odds of reporting problems with current hypertension (p < .05). 3 For women, years of education (OR .96, p = .247) and having a GED or higher (OR = .79, p = .163) prior to being incarcerated is not associated with lifetime hypertension. Neither participating in high school education classes (OR = 1.07, p = .840) nor obtaining a GED while in prison (OR = .87, p = .813) is associated with hypertension for women.
Discussion
Our study demonstrates the importance of education for health among incarcerated adults. Previous research has documented the many benefits of education for inmates which extends to local communities [19] . While this study focuses on high school education, post-secondary education for inmates is also a growing concern. In 2015 the Obama administration and the U.S. Department of Education announced the Second Change Pell Pilot Program to test new models to allow inmates to receive Pell Grants and pursue the postsecondary education in order to "to create a fairer, more effective criminal justice system, reduce recidivism, and combat the impact of mass incarceration on communities" citing that "for every dollar invested in correctional education programs, four to five dollars are saved on three year re-incarceration costs" [20] . Our study suggests that improved health may be an additional benefit through potential increases in learned effectiveness, health literacy and ability to engage in health promotion, all of which has the potential to improve community health [21] . Although not the focus of our study, the findings also point to benefits in the prison experiences for inmates who participate in prison education classes including greater external social support and lower likelihood of receiving a violation. Given these multiple far-reaching benefits of education, prisons should consider expanding basic education for inmates. In this national sample, only about 40 % of inmates who entered prison with less than a GED-level of education participated in high school education classes by the time of the survey.
Our study is the first to demonstrate the generalizability of the education-health association beyond the non- institutionalized population. These findings are important because they support the idea that education is a "fundamental cause" of health [1] even among one of the most select groups in the United States in terms of both health and education. Our results are also consistent with previous research documenting the poorer health status of incarcerated women compared to men [11] and the gendered nature of the education-health association [22] where education serves as a protective resource more for women than for men. Further, although not the focus of this paper, it is important to highlight the relationship of education and health compared to the other demographic controls in the study. Specifically, while education operates in a comparable manner to other research of noninstitutionalized adults, the relationship between race and health and marital status and health both operate in directions that are opposite to general findings [23, 24] . Both black male and female prisoners have a lower cumulative morbidity count compared to white male and female prisoners and prisoners who are currently married have worse health compared to those who are not married. This is important because, again, it speaks to the highly select nature of the incarcerated population but it also indicates further evidence of the robustness of the education-health association. There are two additional points to consider. First, a comprehensive meta-analysis conducted by the RAND Corporation [19] found that GED programs are the most common education programs in prison, yet all types of education programs available (i.e., GED, adult basic education, postsecondary, and vocational) notably reduce postrelease recidivism. The report concluded, however, that data do not exist to evaluate dose-response effects or the specific program characteristics that benefit inmates. The findings from the current study suggest that when moving forward with stronger research designs, additional proximate and distal indicators of program efficacy, such as health-related outcomes, should be considered. These studies could also address causal ordering. In our study we conceptualized health as the outcome. But a more comprehensive study examining the life course of inmates can parse out the dynamic processes of education and health throughout the life span. It should also be noted that the data used in our study are from 2004 when educational programming was more widely available. The 2008 recession affected correctional programming leading to dramatic changes in the number of programs offered, the sizes of the classes, the modes of delivery, and the number of inmate participants [19] . It is possible that our findings are influenced by period effects, although, research has consistently documented an education-health association in the general population across time and cohorts. Second, this paper discussed selection into prison as a function of gender and the gendered nature of the education-health association. We encourage future research to consider how race-based selection processes [25] influence education and health in prisons. Regardless of race, high school drop outs are five times more likely to go to prison than high school graduates [26] and national statistics show that blacks have among the lowest graduation rates for high school students [27] . The double disadvantage of race and class inequality is striking for incarceration rates. Over 16 % of black men without a high school degree entered prison annually from 1995 to 2001 compared to just 3.4 % of white men without a high school degree, and this disparity grew from previous time periods [26] . Other research has documented that the cumulative risk of imprisonment by age 34 for black men without a high school education is 68 % [28] . This translates into 27 % of white prison inmates having not completed high school or their GED compared to 44 % of black prison inmates [29] . Collectively, this research highlights the differential selection among racial and ethnic minorities into the prison system which may influence the education-health association.
Limitations
This study has several limitations that need to be considered. First, the data are limited to inmates in state correctional facilities. While state prison inmates comprised 1.3 million of the 1.5 million prison inmates at midyear 2011 [30] , it is important to consider that our findings may not be generalizable to all incarcerated persons, especially those in local county jails. Second, this study relies on self-reported health conditions. However, self-report data are an essential and commonly used source of health indicators in research [31] , and the SISCF is the best data set available to answer the research question because it is the only large, nationally representative survey of inmates available in the United States. Third, the data are cross-sectional and do not provide information on onset of health conditions. That is, this study is unable to account for the timing of diagnosis or the severity of symptoms. This study is also limited by our inability to examine the neighborhood contexts that individuals are exposed to prior to prison. Such information may be particularly important since incarcerated persons are drawn from distinct geographic areas [32] referred to as prison "feeder communities" [33] . In other words, distinct sociodemographic communities bear the burden of mass incarceration including young poor people of color from disadvantaged neighborhoods [32, 34, 35] . Therefore, it is not clear whether the study findings reflect education as mitigating the deleterious effects of imprisonment, or a prior association between poor health, low levels of education, and high propensity for incarceration.
Conclusion
Results from our study provide additional support for the notion that the association between education and health may be, in part, causally oriented. We do so by focusing on a highly select population and the gendered nature of the education-health association. We encourage future researchers to examine the proximate pathways through which this observed association may operate [36] . This is especially important considering that incarcerated persons comprise a vulnerable, disadvantaged, and largely unhealthy subset of the U.S. population who may be reflective of the larger marginalized segments of society. Our findings are timely as prisons are having to address correctional healthcare practices. The identified health promotion needs of prisoners include education in health and empowerment, support in adopting health behavior, development of life skills, and education related to specific illnesses, among others [37] . Our results support the notion that the provision of primary and secondary education to prisoners may be an important element for health promotion and increasing the life chances and longevity of prisoners after they are released back to their communities.
Endnotes
1 The models were estimated using different functional forms of age including age 2 and age 3 . For women, the coefficient remain unchanged (−.016). For men, the coefficient reduced slightly from−.038 to−.029. Given this, the most parsimonious model is presented. 2 The sample size for this model is 3,498; 531 observations were dropped from the fixed effects model because the prison did not have variation in the outcome variable (current hypertension). 3 The sample size for this model is 390; 786 observations were dropped from the fixed effects model because the prison did not have variation in the outcome variable (current hypertension).
